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1
LOW VISCOSITY POLYMERIC PRINTING
SOLUTIONS AND ELECTRONIC
COMPONENTS BEARING POLYIMIDE
BASED UPON THE LOW VISCOSITY
POLYMERIC PRINTING SOLUTIONS

BACKGROUND

The present invention generally relates to polymeric print-
ing solutions, to methods of printing polymeric printing solu-
tions, and to articles that include one or more polyimide
layers derived from the polymeric printing solution. More
particularly, the present invention relates to low viscosity
polymeric printing solutions, to methods of printing low vis-
cosity polymeric printing solutions onto electronic compo-
nents, and to electronic components that include one or more
layers of polyimide derived from the low viscosity polymeric
printing solution.

For many years, electronic components have included
polymeric layers as coatings or intermediate structural films.
The chemical nature of these polymeric layers and the appli-
cation techniques for these polymeric layers affect the cost
and properties of the electronic components. For example, the
chemical nature of a particular polymeric layer may affect the
thermal stability of the polymeric layer, the flexibility and
durability of the polymeric layer, the ability of the polymeric
layer to securely adhere to any underlying component, and
the application techniques usable for the polymeric layer.
Likewise, the ability to use a particular application technique
for the polymeric layer may affect the application precision,
the uniformity of the polymeric layer, the number of applica-
tions necessary to achieve a particular polymeric layer thick-
ness, and the time and cost (efficiency) of polymeric layer
formation.

Electronically controllable application techniques, such as
ink jet application techniques, able to precisely control both
application rate and location are commonly employed now
when forming polymeric layers of electronic components.
Such electronically controllable application techniques
improve the precision and efficiency of layer formation over
former techniques requiring more human labor or control.

Some types of polymeric compounds have been applied in
recent years using electronically controllable application
techniques. For example, some polymeric or pre-polymeric
substances have been applied using electronically control-
lable application techniques, such as ink jet printing, to form
epoxy polymer layers and acrylic polymeric layers of elec-
tronic components. Unfortunately, such epoxy and acrylic
polymers are not always the most suitable choice for elec-
tronic component layers. For example, the thermal stability
properties and the water absorption properties of at least some
epoxy polymers and at least some acrylic polymers may not
be optimum for purposes of electronic component manufac-
ture.

High thermal stability for polymeric layers may be
required during conductive material application to polymeric
materials that serve an insulative function. Some epoxy poly-
mers and some acrylic polymers that result from electroni-
cally controllable application techniques, such as ink jet
printing, exhibit insufficient or less than optimum thermal
stability for these conductive material applications. Also, low
water absorption is desirable for electronic component manu-
facture to optimize operating characteristics of the electronic
components. Some epoxy polymers and some acrylic poly-
mers that result from electronically controllable application
techniques, such as ink jet printing, exhibit excessive or
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greater than optimum water absorption characteristics for
these conductive material applications.

Consequently, electronic component manufacturers have
been looking beyond epoxy polymers and acrylic polymers
for a polymeric material with improved thermal stability
characteristics and water absorption characteristics for elec-
tronic component manufacture. Polyimide is one such poly-
meric material under consideration. Unfortunately, poly-
meric and pre-polymeric substances that yield polyimides are
not entirely suitable for application via electronically control-
lable application techniques, such as ink jet printing. For
example, the available polymeric and pre-polymeric sub-
stances that yield polyimides may be applied via electroni-
cally controllable application techniques as dilute solutions
only. Due to the relatively low concentration of polyimide-
yielding polymeric and pre-polymeric substances that may be
using in polymeric solutions applied by electronically con-
trollable application techniques, multiple applications are
required to achieve polyimide layers of required thickness
during electronic component manufacture. This unsatisfacto-
rily diminishes the benefits of employing electronically con-
trollable application techniques for polyimide layer forma-
tion during electronic component manufacture.

A need exists for improved polymeric substances that yield
polyimides and are suitable for electronically controllable
application techniques during electronic component manu-
facture. These polymeric substances should allow formation
of'polyimide layers with suitable thickness while minimizing
the number of applications required by electronically control-
lable application techniques, such as ink jet printing, to
achieve suitable polyimide layer thickness. The present
invention meets these needs for improved polymeric sub-
stances that achieve suitable polyimide layer thickness with a
minimum of applications by electronically controllable
application techniques, such as ink jet printing.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a schematic view of one embodiment of an
electronic component incorporating a layer of polyimide in
accordance with the present invention.

SUMMARY OF THE INVENTION

The present invention includes an electrical component
with a substrate and a polymeric layer oriented in working
relation with the substrate, where the polymeric layer
includes a low molecular mass polyimide. The present inven-
tion further includes a polymeric composition and a method.

DETAILED DESCRIPTION

Inthe following Detailed Description, reference is made to
the accompanying drawing, which forms a part hereof, and in
which is shown by way of illustration a specific embodiment
in which the invention may be practiced. In this regard, direc-
tional terminology, such as “top,” “bottom,” “front,” “back,”
“leading,” “trailing,” etc., may be used with reference to the
orientation of the FIGURE being described. Because compo-
nents of embodiments of the present invention may be posi-
tioned in a number of different orientations, any directional
terminology is used for purposes of illustration and is in no
way limiting. It is to be understood that embodiments in
addition those disclosed herein may be utilized and that struc-
tural or logical changes may be made without departing from
the scope of the present invention. The following detailed
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description, therefore, is not to be taken in a limiting sense,
and the scope of the present invention is defined by the
appended claims.

The present invention generally relates to polymeric print-
ing solutions, to methods of printing polymeric printing solu-
tions, and to articles that include one or more polyimide
layers derived from the polymeric printing solution. More
particularly, the present invention relates to low viscosity
polymeric printing solutions, to methods of printing low vis-
cosity polymeric printing solutions onto electronic compo-
nents, and to electronic components that include one or more
layers of polyimide derived from the low viscosity polymeric
printing solution.

An electronic component 10, such as a semiconductor
component, is generally depicted in the FIGURE. The elec-
tronic component 10 includes a first conductive element 12, a
second conductive element 14, and a dielectric layer 16 ori-
ented on a substrate 18. The electronic component 10 further
includes a third conductive element 20 that electrically con-
nects the first conductive element 12 and the second conduc-
tive element 14. The third conductive element 20 is also
oriented in contact with the dielectric layer 16.

Any layer of the electronic component 10, such as the
dielectric layer 16, may include or be formed of, any low
molecular mass polyimide. As used herein, the term “low
molecular mass polyimide” means any non-crosslinked form
of an aromatic polyimide made from any “low molecular
mass polyamide.” As used herein, the term “low molecular
mass polyamide” means an aromatic polyamide capable of
forming a homogeneous polymeric solution with a viscosity
(measured at 25° C.) ranging from as low as about five mil-
lipascal-seconds to as high as about forty millipascal-seconds
when the solvent of the polymeric solution is N-methylpyr-
rolidone (NMP) and the concentration of the aromatic polya-
mide in the polymeric solution ranges from as low as about
ten weight percent to as high as about eighty weight percent,
based upon the total weight of the polymeric solution.

—TNH

OH

o 0
—-NH | NHOO—RI—O
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After application of the polymeric solution containing the
low molecular mass polyamide to a substrate, such as the
substrate 18 of the electronic component 10, the solvent is
driven off; the remaining low molecular mass polyamide may
be placed under conditions adequate to effect (1) imidization
that converts the low molecular mass polyamide to low
molecular mass polyimide and (2) crosslinking between adja-
cent molecules of low molecular mass polyimide. It is also
possible and permissible for some imidization to have
occurred such that some low molecular mass polyimide coex-
ists with the low molecular mass polyamide in the polymeric
solution prior to application of the polymeric solution to the
substrate. Additionally, layers of the electronic component
10, such as the dielectric layer 16, may include or be made of
polyimides falling outside the definition of low molecular
mass polyimide, though polyimides falling within the defini-
tion of low molecular mass polyimide are typically expected
to yield more of the beneficial aspects of the present invention
than polyimides falling outside the definition of low molecu-
lar mass polyimide.

Various polyamides, polyimides, dianhydrides, and
diamines are disclosed herein via various chemical structural
formulas, such as chemical structural formulas I-XX. Though
at least some of the chemical structural formulas depict a
particular isomer of the polyamide, polyimide, dianhydride,
or diamine that is the subject of a particular chemical struc-
tural formula, it is to be understood that each chemical struc-
tural formula present in this application is intended to repre-
sent and disclose any and all isomers of the polyamide,
polyimide, dianhydride, or diamine that is the subject of a
particular chemical structural formula.

Some non-exhaustive examples of polyamides usable as
the low molecular mass polyamides for subsequent formation
of polyimide layers of the electronic component 10 include
polyamides of the following chemical structural formulas I,
10, 101, and IV:

@

—M

an

—M

(1)
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-continued
_ _ av
R R.
0 0 2 3
—TNH NH (6] —
OH OH
Ry Rs
L O o) A,
where: an ester group of formula
M, the polymerization degree (P,), may range from as low
as about 10 to as high as about 100 and in some embodi- 15
ments ranges from as low as about 30 to as high as about ﬁ
100, _C
R, may be an alkyl group, an alkenyl group, or a carbonyl RS OR10,
group, and
R,, R;, R,, and R may be any carbonhyd.ride of the for- 20 an amide proup of formula
mula R;=C,H,,,, ,, where n may be any integer ranging
from 1 to 12 and R4 may be, for example, an alkyl group 0
or an alkenyl group. Also, R,, R, R,, and R may all be |
the same or one or more of R, R, R,, and Rs may differ R C\N/ Ris,
from the other(s) of R,, R;, R,, and R5. = !
The alkyl group that may serve as R, in the polyamide of Ry,
chemical structural formula III may be of formula C H,,,
where n may be any integer ranging from 1 to 12. Thus, for fh |
example, the polyamide of chemical structural formula III oran enone group ot formtuia
may be the polyamide of chemical structural formula V: 30 0 R
[
) AN
o o Ris C Ryg.
A
NH | NHOO—CHZ—O 35 "
OH OH
In the ketone group of formula
0 o u
(€]
20 I
As another alternative, R, in the polyamide of chemical struc- R7/ N Rg

tural formula I1I may be an alkenyl group of formulaC, H,,,_,
orformula C,H,,_,, wheren may be any integer ranging from
2 to 12. As yet another alternative, R, in the polyamide of
chemical structural formula III may be an alkenyl group of 45
formula C, H,, ., where n may be any integer ranging from 3
to 12.

R, in the polyamide of chemical structural formula III may
also be a carbonyl group, such as a ketone group of formula

50

O, O
NH | NH O—CH,—
OH OH

(6] (6]

R, and R, may independently be selected from (1) an alkyl
group of formula C, H,,,, where n may be any integer ranging
from 1 to 12; (2) an alkenyl group of formula C, H,, , or
formula C,H,,,_,, where n may be any integer ranging from 2
to 12; and (3) an alkenyl group of formula C, H,,,_, where n
may be any integer ranging from 3 to 12. R, and Ry may be the
same or different. For example, R, may be an alkyl group of
formula C, H,,, where n may be any integer ranging from 1 to
12, and Ry may be an alkenyl group of formula C, H,, .,
where n may be any integer ranging from 2 to 12. As one
example, the polyamide of chemical structural formula III
may be the polyamide of chemical structural formula VI:

VD
(€]

C—CH,—0
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In the ester group of formula

=0

O

Ry ORyo,

R, and R, , may independently be selected from (1) an alkyl
group of formula C,H,,, where n may be any integer ranging
from 1 to 12; (2) an alkenyl group of formula C H,, , or
formula C,H,,,_,, where n may be any integer ranging from 2
to 12; and (3) an alkenyl group of formula C, H,,_, where n
may be any integer ranging from 3 to 12. R; and R , may be
the same or different. For example, R, may be an alkyl group
of formula C,H,,, where n may be any integer ranging from
1to 12, and R, , may be an alkenyl group of formulaC, H,,,_,,
where n may be any integer ranging from 2 to 12.
In the amide group of formula

Rpp

R,;, Ry, and R, ; may independently be selected from (1) an
alkyl group of formula C, H,,,, where n may be any integer
ranging from 1to 12; (2) an alkenyl group of formulaC, H,, ,
orformula C,H,,_,, wheren may be any integer ranging from
2 to 12; and (3) an alkenyl group of formula C,H,,,_., where
n may be any integer ranging from 3 t0 12. R;;,R;,, and R
may be the same or different. For example, R, may be an
alkyl group of formula C H,,, where n may be any integer
ranging from 1 to 12; R, , may be an alkenyl group of formula
C,H,,_,, where n may be any integer ranging from 2 to 12;
and R, ; may be an alkenyl group of formula C,H,,,_,, where
n may be any integer ranging from 3 to 12.
In the enone group of formula

o

Ry7
| I

e
/
R Nc?

@]

~
Ry

Ris

R4, R;5, R sand R, may independently be selected from (1)
an alkyl group of formula C,H,,,, where n may be any integer
ranging from 1to 12; (2) an alkenyl group of formulaC, H,,,_,
orformula C,H,,_,, wheren may be any integer ranging from
2 to 12; and (3) an alkenyl group of formula C H,, ., where
n may be any integer ranging from 3 t0 12. R ,, R, 5, R, and
R, may be the same or different. For example, R, , and R 5
may be an alkyl group of formula C, H,,,, where n may be any
integer ranging from 1 to 12; R, s may be an alkenyl group of
formula C,H,,,_,, where n may be any integer ranging from 2
to 12; and R, may be an alkenyl group of formula C,H,,, .,
where n may be any integer ranging from 3 to 12.

The alkyl group that may serve as Ry in the carbonhydride
of formula R,=C, H,,, ., that may serve as R,, R, R,, and/or
R; in the polyamide of chemical structural formula IV may
have formula C, H,,, where n may be any integer ranging
from 1 to 12. As another alternative, R, in the carbonhydride
of formula R =C,H,,,, , that may serve as R,, R;, R,, and/or

20
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Rs in the polyamide of chemical structural formula IV may be
an alkenyl group of formula C H,, , or formula C H,, ,
where n may be any integer ranging from 2 to 12. As yet
another alternative, Ry in the carbonhydride of formula
R&~=C H,,,, that may serve as R,, R;, R, and/or R, in the
polyamide of chemical structural formula IV may be an alk-
enyl group of formula C, H,,_4, where n may be any integer
ranging from 3 to 12.

The polyamides of the present invention may be produced
under conventional polyamide synthesis conditions adequate
to support condensation of the dianhydride component and
the diamine component in a suitable organic solvent, such as
N-methylpyrrolidone (NMP). The reaction conditions during
formation of the polyamides are selectively controlled so the
polyamides of the present invention exhibit a polymerization
degree (P,) ranging from as low as about 10 to as high as
about 100. For example, the duration of the condensation
reaction may be selectively controlled, such as by terminating
the reaction earlier than typical for synthesis of longer chain
polyamides, so the polyamides of the present invention
exhibit a polymerization degree (P,) ranging from as low as
about 10 to as high as about 100.

The dianhydride used to form the polyamide of chemical
structural formula I has chemical structural formula VII:

(VID)

o F:C CF; o
0 O,
4] o)

and the diamine used to form the polyamide of chemical
structural formula I has chemical structural formula VIII:

NH24©704©7NH2.

The dianhydride used to form the polyamide of chemical
structural formula II has chemical structural formula IX:

(@) O
SO,
o 0,
(@) (@]
and the diamine used to form the polyamide of chemical
structural formula II has chemical structural formula VIII:

NH24©704©7NH2.

(VIID)

X

(VIID)
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The dianhydride used to form the polyamide of chemical
structural formula IIT has chemical structural formula X:

X
0 0
o 0,
0 0

and the diamine used to form the polyamide of chemical
structural formula III has chemical structural formula X1:

NHZO—O—RI—OONHZ,

where R, may be an alkyl group, an alkenyl group, or a
carbonyl group. The alkyl group that may serve as R, in the
diamine of chemical structural formula XI may be of formula
C,H,,, where n may be any integer ranging from 1 to 12.
Thus, the diamine used to form the polyamide of chemical
structural formula III may have chemical structural formula
XII:

XD

(XI1)

NHZ@O—CHZ—O@NHZ.

As another alternative, R, in the diamine of chemical struc-
tural formula XI may be an alkenyl group of formulaC, H,,,_,
orformula C,H,,_,, wheren may be any integer ranging from
2 to 12. As yet another alternative, R, in the diamine of
chemical structural formula XI may be an alkenyl group of
formula C,H,,,_s, where n may be any integer ranging from 3
to 12.

R, in the diamine of chemical structural formula XI may
also be a carbonyl group, such as a ketone group of formula

o

@]

Ry Rg,

an ester group of formula

o

@]

Ry ORyo,
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an amide group of formula

Rys

In the ketone group of formula

o

R7/ ~

@]

Rs,

R, and R, may independently be selected from (1) an alkyl
group of formula C, H,,,, where n may be any integer ranging
from 1 to 12; (2) an alkenyl group of formula C, H,, , or
formula C,H,,,_,, where n may be any integer ranging from 2
to 12; and (3) an alkenyl group of formula C, H,,,_, where n
may be any integer ranging from 3 to 12. R, and Ry may be the
same or different. For example, R may be an alkyl group of
formula C, H,,,, where n may be any integer ranging from 1 to
12, and Ry may be an alkenyl group of formula C H,, .,
where n may be any integer ranging from 2 to 12. Thus, as one
example, the diamine used to form the polyamide of chemical
structural formula III may have chemical structural formula
XII:

(XIIT)

i
NHZOO—CHZ—C—CHZ—O@NHZ.

In the ester group of formula

o

@]

~

- ORyo

Ry

that may serve as R, in the diamine of chemical structural
formula XTI used to form the polyamide of chemical structural
formula I1I, Ry and R , may independently be selected from
(1) an alkyl group of formula C, H,,, where n may be any
integer ranging from 1 to 12; (2) an alkenyl group of formula
C,H,,_, or formula C,H,, ,, where n may be any integer
ranging from 2 to 12; and (3) an alkenyl group of formula
C,H,,_s where n may be any integer ranging from 3 to 12. R,
and R, , may be the same or different. For example, R, may be
an alkyl group of formula C, H,,, where n may be any integer
ranging from 1 to 12, and R,, may be an alkenyl group of
formula C H,,_,, where n may be any integer ranging from 2
to 12.
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In the amide group of formula

Ry 1/

that may serve as R, in the diamine of chemical structural
formula XTI used to form the polyamide of chemical structural
formula III, R, ,, R,,, and R, ; may independently be selected
from (1) an alkyl group of formula C,H,,, where n may be
any integer ranging from 1 to 12; (2) an alkenyl group of
formula C,H,,,_, or formula C, H,,_,, where n may be any
integer ranging from 2 to 12; and (3) an alkenyl group of
formula C, H,, ., where n may be any integer ranging from 3
to 12. R;,, Ry, and R, ; may be the same or different. For
example, R, ; may be an alkyl group of formula C, H,,,, where
n may be any integer ranging from 1 to 12; R, may be an
alkenyl group of formula CnH2n-4, where n may be any
integer ranging from 2 to 12;and R, ; may be an alkenyl group
offormula C, H,,_, wherenmay be any integer ranging from
3to 12.

In the enone group of formula

Rys

that may serve as R, in the diamine of chemical structural
formula XTI used to form the polyamide of chemical structural
formula III, R,,, R;5, R, and R,, may independently be
selected from (1) an alkyl group of formula C,H,,,, where n
may be any integer ranging from 1 to 12; (2) an alkenyl group
of formula C, H,,,_, or formula C, H,,_,, where n may be any
integer ranging from 2 to 12; and (3) an alkenyl group of
formula C, H,, ., where n may be any integer ranging from 3
t012.R 4, R;5, R, sand R |, may be the same or difterent. For
example, R, and R, may be an alkyl group of formula
C,H,,, where n may be any integer ranging from 1 to 12; R | ¢
may be an alkenyl group of formula C, H,,,_,, where n may be
any integer ranging from 2 to 12; and R, ; may be an alkenyl
group of formula C_ H,, ., where n may be any integer rang-
ing from 3 to 12.

The dianhydride used to form the polyamide of chemical
structural formula IV has chemical structural formula X:

X
o) 0
o) 0,
4] 0

and the diamine used to form the polyamide of chemical
structural formula IV has chemical structural formula XIV:

w
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XIV)

Ry R3

NH,,

Rs

In the diamine of chemical structural formula XIV, R, R5, R,
and R may be any carbonhydride of the formulaR . —C H, ,,
1, where n may be any integer ranging from 1 to 12 and R, may
be, for example, an alkyl group or an alkenyl group. Also, R,,
R;, R,, and R may all be the same or one or more of R,, R,
R,, and R may differ from the other(s) of R,, R5, R,, and R5.

The alkyl group that may serve as R in the carbonhydride
of formula R,=C,H,,,, , that may serve as R,, R;, R,, and/or
Rs in the diamine of chemical structural formula XIV may
have formula C H,,, where n may be any integer ranging
from 1 to 12. As another alternative, R, in the carbonhydride
of formula R,=C,H,,,, , that may serve as R,, R;, R,, and/or
R; in the diamine of chemical structural formula X1V may be
an alkenyl group of formula C,H,, , or formula C,H,, ,
where n may be any integer ranging from 2 to 12. As yet
another alternative, Ry in the carbonhydride of formula
R=C,H,,,, that may serve as R,, R;, R,, and/or Ry in the
diamine of chemical structural formula XIV may be an alk-
enyl group of formula CnH,,,_,, where n may be any integer
ranging from 3 to 12.

The polyamide(s) of the present invention may be homo-
geneously mixed with an organic solvent, such as an organic
diamine solvent, to form the polymeric solution of the present
invention. The polymeric solution, when printed via elec-
tronically controllable application techniques such as ink jet
printing, is also sometimes referred to herein as a low viscos-
ity polymeric printing solution. Some nonexhaustive
examples of the organic solvent(s) that may used to form the
polymeric solution of the present invention include acetone,
cyclopentanone, tetrahydrofuran, N-methylpyrrolidone
(NMP), m-cresol, and p-chlorophenol. The organic solvent(s)
employed in the polymeric solution of the present invention
may be included either individually, or in any combination of
any of the organic solvents, in the polymeric solution.

The polyamides of the present invention may be included
in the polymeric solution either individually or in any com-
bination of any of the polyamides. Again, it is also possible
and permissible for some low molecular mass polyimide(s) to
coexist with the polyamide(s) in the polymeric solution.
While polyimides will typically not intentionally be included
in the polymeric solution, it is thought that some imidization
may occur following formation of the polyamide(s) of the
present invention such that some amount of the polyamide(s)
included in or destined for the polymeric solution may be
present as polyimide(s) in the polymeric solution.

Some non-exhaustive examples of polyimides usable as
low molecular mass polyamides in various applications, such
as in the dielectric layer 16 of the electronic component 10,
include polyimides of the following chemical structural for-
mulas XV, XVI, XVIL, or XVIII that result following imidiza-
tion of the corresponding polyamides of chemical structural
formulas 1, 11, 111, and IV, respectively:
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where:

M, the polymerization degree (P,), may range from as low
as about 10 to as high as about 100 and in some embodi-
ments ranges from as low as about 30 to as high as about
100,

R, may be an alkyl group, an alkenyl group, or a carbonyl
group, and

R,, R;, R,, and R may be any carbonhydride of the for-
mula R—C, H,, , ,, where n may be any integer ranging
from 1 to 12 and R4 may be, for example, an alkyl group
or an alkenyl group. Also, R,, R, R,, and R may all be
the same or one or more of R,, R;, R, and R may differ
from the other(s) of R,, R;, R,, and R5.

The alkyl group that may serve as R, in the polyimide of
chemical structural formula XV may be of formula C H,,,
where n may be any integer ranging from 1 to 12. Thus, for
example, the polyimide of chemical structural formula XV
may be the polyimide of chemical structural formula XIX:

O, O
(6] (6]

The polyimide of chemical structural formula XIX corre-
sponds to the polyamide of chemical structural formula V.

XIX)

M

As another alternative, R, in the polyimide of chemical
structural formula XV may be an alkenyl group of formula
C,H,,_, or formula C, H,, ,, where n may be any integer
ranging from 2 to 12. As yet another alternative, R, in the
polyimide of chemical structural formula XV may be an
alkenyl group of formula C_H,,_, where n may be any inte-
ger ranging from 3 to 12.

R, inthe polyimide of chemical structural formula XV may
also be a carbonyl group, such as a ketone group of formula

o

@]

Ry Rs,
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an ester group of formula

o

@]

~

Ry ~

OR o,

an amide group of formula

R, and Ry may independently be selected from (1) an alkyl
group of formula C, H,,, where n may be any integer ranging
from 1 to 12; (2) an alkenyl group of formula C, H,,_, or
formula C,H,,,_,, where n may be any integer ranging from 2
to 12; and (3) an alkenyl group of formula C, H,,,_, where n
may be any integer ranging from 3 to 12. R, and Ry may be the
same or different. For example, R may be an alkyl group of
formula C, H,,,, where n may be any integer ranging from 1 to
12, and Ry may be an alkenyl group of formula C, H,, .,
where n may be any integer ranging from 2 to 12. As one
example, the polyimide of chemical structural formula XV
may be the polyimide of chemical structural formula XX:
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The polyimide of chemical structural formula XX corre-
sponds to the polyamide of chemical structural formula VI.
In the ester group of formula

(€]
I

C
R9/ \OR10>

R, and R, , may independently be selected from (1) an alkyl
group of formula C H,,,, where n may be any integer ranging
from 1 to 12; (2) an alkenyl group of formula C H,,_, or
formula C,H,,,_,, where n may be any integer ranging from 2
to 12; and (3) an alkenyl group of formula C,H,,, 4, where n
may be any integer ranging from 3 to 12. R, and R, may be
the same or different. For example, R, may be an alkyl group
of formula C H,,, where n may be any integer ranging from
1to 12, and R, may be an alkenyl group of formula C, H,,,_,,
where n may be any integer ranging from 2 to 12.
In the amide group of formula

R, R,,, and R, ; may independently be selected from (1) an
alkyl group of formula C H,,, where n may be any integer
ranging from 1to 12; (2) an alkenyl group of formulaC, H,,,_,
orformula C, H,, ,, wherenmay be any integer ranging from
2 to 12; and (3) an alkenyl group of formula C,H,,,_., where
n may be any integer ranging from 3 t0 12. R;;,R;,, and R
may be the same or different. For example, R,, may be an
alkyl group of formula C, H,,,, where n may be any integer
ranging from 1to 12; R, , may be an alkenyl group of formula
CnH2n-4, where n may be any integer ranging from 2 to 12;
and R ; may be an alkenyl group of formula C H,,_,, where
n may be any integer ranging from 3 to 12.
In the enone group of formula

~
Ryss

Ris

R4, R,5, R sand R, may independently be selected from (1)
an alkyl group of formula C,H,,,, where n may be any integer
ranging from 1to 12; (2) an alkenyl group of formulaC, H,,,_,
orformula C,H,,_,, wheren may be any integer ranging from
2 to 12; and (3) an alkenyl group of formula C,H,,,_., where
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n may be any integer ranging from 3 to 12. R ,, R, 5, R, and
R, may be the same or different. For example, R, , and R 5
may be an alkyl group of formula C H,, , where n may be any
integer ranging from 1 to 12; R, s may be an alkenyl group of
formula C H,,_,, where n may be any integer ranging from 2
to 12; and R, may be an alkenyl group of formula C,H,,, .,
where n may be any integer ranging from 3 to 12.

The alkyl group that may serve as R in the carbonhydride
of formula R,=C,H,,,, , that may serve as R,, R;, R,, and/or
R, in the polyimide of chemical structural formula XVII may
have formula C,H,,, where n may be any integer ranging
from 1 to 12. As another alternative, R, in the carbonhydride
of formula R,=C,H,,,, , that may serve as R,, R;, R,, and/or
Rs in the polyimide of chemical structural formula XVII may
be an alkenyl group of formula C,H,,,_, or formula C,H,,,_,
where n may be any integer ranging from 2 to 12. As yet
another alternative, Ry in the carbonhydride of formula
R=C,H,,,, that may serve as R,, R;, R,, and/or Ry in the
polyimide of chemical structural formula XVII may be an
alkenyl group of formula C,H,, _, where n may be any inte-
ger ranging from 3 to 12.

The collective concentration of all polyamide(s) and poly-
imide(s) present in the polymeric solution of the present
invention may generally range from as low as about 10 weight
percent to as high as about 80 weight percent, based upon the
total weight of the polymeric solution. Where no or essen-
tially no polyimide(s) are present in the polymeric solution,
the collective concentration of all polyamide(s) present in the
polymeric solution of the present invention may generally
range from as low as about 10 weight percent to as high as
about 80 weight percent, based upon the total weight of the
polymeric solution.

In some embodiments, the collective concentration of all
polyamide(s) and polyimide(s), or the collective concentra-
tion of all polyamide(s) when no or essentially no polyi-
mide(s) are present, included in the polymeric solution of the
present invention may range from as low as about 30 weight
percent to as high as about 70 weight percent, based upon the
total weight of the polymeric solution. In other embodiments,
the collective concentration of all polyamide(s) and polyim-
ide(s), or the collective concentration of all polyamide(s)
when no or essentially no polyimide(s) are present, included
in the polyimide solution of the present invention may range
from as low as about 50 weight percent to as high as about 65
weight percent, based upon the total weight of the polymeric
solution.

The polymeric solutions produced in accordance with the
present invention generally may have a viscosity (measured at
25° C.) ranging from as low as about five millipascal-seconds
to as high as about forty millipascal-seconds. Some embodi-
ments of the polymeric solutions produced in accordance
with the present invention have a viscosity (measured at 25°
C.) ranging from as low as about ten millipascal-seconds to as
high as about thirty millipascal-seconds.

Polymeric solutions of the present invention may be
applied using various electronically controllable application
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techniques, such as ink jet application techniques, capable of
precisely controlling both application rate and location over
an x-y-z (three dimensional) grid. Such electronically con-
trollable application techniques typically deposit the poly-
meric solution onto a surface by ejecting the polymeric solu-
tion through an orifice toward the surface without the
applicator being in direct contact with the surface. Such elec-
tronically controllable application techniques also improve
the precision and efficiency of layer formation over former
techniques requiring more human labor or control. Exem-
plary ink jet application techniques may include a piezo-
electric, thermal, drop-on-demand, or continuous ink jet
device. Other examples of suitable electronically controllable
application techniques in accordance with the present inven-
tion include aerosol jets and automated syringes, such as the
MICROPEN tool, available from Ohmcraft, Inc., of Honeoye
Falls, N.Y.

In one embodiment, the electronically controllable appli-
cation technique utilizes an ink jet printing device that gen-
erates droplets of the inventive polymeric solution and directs
the droplets toward a surface, such as a surface of the elec-
tronic component 10, where a polymeric layer is to be formed.
The position of the head of the ink jet printing device may be
carefully controlled and the inventive polymeric solution may
be applied in highly automated fashion so discrete patterns of
the inventive polymeric solution may be selectively created.
Ink jet printing devices are typically capable of printing at a
rate of about 1000 drops per jet per second or higher and can
print linear features with good resolution at rates as low as
about 10 cm/sec and as high as about 1000 cny/sec. Each drop
generated by the head of'ink jet printing devices typically may
include from about 3 to about 100 picoliters of the inventive
polymeric solution for delivery to a surface of the electronic
component 10.

Ink jet printing devices typically utilize a piezoelectric
mechanism system to generate droplets, although other varia-
tions are also used. For example, a thermal ink jet printing
device may be used to deposit the inventive polymeric solu-
tion. In thermal ink jet printing, a print cartridge having a
series of tiny electrically-heated chambers may be used. The
thermal ink jet printing device runs a pulse of current through
the heating elements, which causes a vapor explosion in the
chamber. The explosion forms a bubble, which propels a
droplet of ink onto the target substrate. When the bubble
condenses, surplus polymeric solution is sucked back up from
the printing surface. The surface tension of the polymeric
solution causes another charge of the polymeric solution to be
drawn into the chamber through a narrow channel attached to
reservoir holding the polymeric solution.

The inventive polymeric solution may also be deposited by
aerosol jet deposition. In aerosol jet deposition, the polymeric
solution is aerosolized into droplets, and the droplets are
transported to the target substrate in a flow gas through a flow
channel. The flow channel is typically straight and relatively
short. The polymeric solution of the present invention may
also be deposited by a variety of other techniques including
pen/syringe, continuous or drop on demand ink jet printing,
intaglio, flexographic printing, roll printer, spraying, dip coat-
ing, spin coating, and other techniques that direct discrete
units of the polymeric solution, continuous streams of the
polymeric solution, or continuous sheets of the polymeric
solution to the target substrate. Other exemplary printing
methods for the polymeric solutions of the present invention
include lithographic printing and gravure printing. Use of
some of these exemplary alternatives to ink jet application
may require modifications to the polymeric solution so the
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polymeric solution has a suitable viscosity and/or surface
tension for a particular alternative to ink jet application.

The surface(s) of the electronic component 10 where the
inventive polymeric solution is applied may be made of vari-
ous materials. Non-limiting examples of these materials that
are capable of suitably accepting the polymeric solution of
the present invention include conventional polyimides, such
as KAPTON™ polyimide available from DuPont de Nem-
ours & Co of Wilmington, Del.; epoxy resin (including glass-
filled epoxy resin); polycarbonate; polyester; polyethylene;
polypropylene; polyvinyl chloride; ABS copolymer; metallic
and ceramic surfaces; semiconductor materials, such as sili-
con (crystalline, amorphous, or polymerized) supported on
glass, polyethylene terephthalate (PET), or polyethylene
naphthalate (PEN); synthetic paper; flexible fiberboard;
woven and non-woven polymeric fabric; cloth and other tex-
tiles; cellulose-based materials, such as wood or paper; metal-
lic foil; and glass (e.g., thin glass).

Following synthesis of the polyamide of the present inven-
tion, the polyamide and any associated polyimide is solubi-
lized in the organic solvent, such as acetone, cyclopentanone,
tetrahydrofuran, N-methylpyrrolidone (NMP), m-cresol,
p-chlorophenol or a mixture of these. Due to the minimized
molecular mass of the inventive polyamide, the concentration
of the polyamide in the polymeric solution in some embodi-
ments of the present invention may range as high as about
eighty weight percent, based upon the total weight of the
polymeric solution, while maintaining the viscosity in arange
suitable for delivery by conventional ink jet printing tech-
niques and devices. While the concentration of the polyamide
in the polymeric solution may range as high as about eighty
weight percent, based upon the total weight of the polymeric
solution, the concentration may also be lower, such as on the
order of about thirty weight percent in some embodiments or
even as low as about ten weight percent in other embodi-
ments, while still achieving benefits associated with the
present invention.

After formation of the polymeric composition containing
the inventive polyamide, the polymeric composition may be
placed in the feed tank of a conventional ink jet printing
device for delivery to the surface of a substrate, such as a
surface of the electronic component 10. The polymeric com-
position is delivered to the surface of the electronic compo-
nent 10 as a nozzle or nozzles of the ink jet printing device are
passed over the surface. The ink jet printing device will typi-
cally be electronically controlled and therefore capable of
delivering the polymeric composition as ejected droplets of
the polymeric composition in a predetermined x-y-z (three
dimensional) pattern to form a film of the polymeric compo-
sition on the electronic component 10.

Beneficially, the patterned film of the polymeric composi-
tion may be formed in a just a few passes or even in just a
single pass of the ink jet nozzles over the substrate while still
achieving the desired amount of polymeric composition
delivery in the course of forming the film of the polymeric
composition on substrate, such as the electronic device 10.
This ability to achieve the desired results with just a few
passes or even only one pass is directly attributable to the high
concentration of the polyamide usable in the polymeric com-
position while maintaining a viscosity sufficiently low to
allow delivery of the polymeric composition via electroni-
cally controllable application technique, such as ink jet print-
ing.

The polymeric composition, such as droplets ejected from
the nozzle of the ink jet printing device, collect on the surface
of the substrate, such as the electronic component 10 and
form a film of the polymeric composition on the surface of the
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electronic component 10. The film may then be treated to
remove the solvent from the deposited polymeric composi-
tion, cure the polymer, and leave a polyimide layer on the
surface of the substrate, such as the electronic component 10.
The treatment typically may consist of placing substrate, such
as the electronic component 10, in a drying atmosphere of
elevated temperature sufficient to evaporate the organic sol-
vent of the polymeric composition. The substrate, such as the
electronic component 10, is then placed in an appropriate
atmosphere of elevated temperature adequate to transform the
polyimide into polyamide and leave the polyimide layer in
solid form.

Following solvent removal from the polymric composi-
tion, it is believed two types of reactions occur during curing
of the polymer(s) present in the applied polymeric composi-
tion. More specifically, it is believed imidization and
crosslinking occurs. The imidization is thought to entail
transformation of amide structures into imide ring structures
through cyclization of the amic acid portions of the polya-
mide. As an example, the imidization transforming the polya-
mide of structural formula I1I into the polyimide of structural
formula XVII is believed to occur as follows:

>©§ e
%M@

The crosslinking is thought to entail reaction of side chains of
different polyimide molecules that effectively link together
different polyimide molecules. While some of the crosslink-
ing may entail crosslinking between polyamide side chains
prior to imidization, which is not believed to impact imidiza-
tion and polyimide formation, itis believed most crosslinking
occurs between different polyimide side chains following
imidization.

The dielectric constant of the inventive polyimide(s) will
typically be below 2.5. Consequently, the polyimide layer of
the electronic component 10 is referred to as the dielectric
layer 16 of the electronic component 10 in the FIGURE. After
polymer cure and polyimide formation, the dielectric layer 16
may have any desired thickness, but will typically have a
thickness ranging from as low as about three micrometers up
to as high as about twenty micometers, even though the film
of the polymeric composition is applied during a few passes
or even just one pass of the electronically controllable appli-
cation technique, such as ink jet printing. In some embodi-
ments, after curing of the polymer and polyimide formation,
the dielectric layer 16 may have a thickness ranging from as
low as about five micrometers ranging up to as high as about
fifteen micometers. In some other embodiments, after curing
of the polymer and polyimide formation, the dielectric layer
16 may have a thickness ranging from as low as about eight
micrometers ranging up to as high as about twelve micom-
eters.
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The dielectric layer 16 need not necessarily be in the form
of' a wide and continuous layer. For example, the dielectric
layer 16 may be applied in the form of strategically placed
lines or rows of the inventive polyimide. Due to the flexibility
of'the electronically controllable application technique, such
as ink jet printing, the lines or rows may advantageously have
anaverage width of not greater than about 250 pm, such as not
greater than about 200 pum, not greater than about 150 um, not
greater than about 100 um, or even not greater than about 50
pm.

Following formation of the dielectric layer 16, other ele-
ments of the electronic component 10 may be applied. For
example, the third conductive element 20 may be formed on
the dielectric layer 16 to conductively link the first conductive
element 12 and the second conductive element 14, as depicted
in the FIGURE. The inventive polyimide beneficially has a
high degree of thermal stability and is therefore able to with-
stand any heat applied to the dielectric layer 16 during for-
mation of the third conductive element 20. Additionally, the
inventive polyimide exhibits a low degree of water absorption
which helps prevent degradation of the electrical character-
istics of the electronic component 10.

M

+ H»O

M

The electronic component 10 has been characterized
herein generally as a semiconductor element. However, the
electronic features ultimately formed by applying the inven-
tive polymeric composition using an electronically control-
lable application technique, such as ink jet printing, may vary
widely. For example, the electronic component 10 may take
the form of, or include, a passive electronic element, such as
a conductor, a resistor, a dielectric, an inductor, a ferromag-
netic, or a capacitor. In other aspects, the electronic compo-
nent 10 may take the form of, or include, an active feature,
such as a transistor, a sensor, a display device, or a memory
device (e.g., a ROM device).

Characterization Procedures
1. Polymerization Degree (P,)

The various polyamides and polyimides of the present
invention are characterized, in part, in terms of the polymer-
ization degree (P,) of the different polymers. In general, the
polymerization degree (P,) of the different polyamides and
polyimides may range from as low as about 10 to as high as
about 100 and in some embodiments may range from as low
as about 30 to as high as about 100. The polymerization
degree (P,) is a unitless variable. The polymerization degree
(P,,) for the polyamides and polyimides of the present inven-
tion may be determined using gel permeation chromatogra-
phy. Those of ordinary skill in the art of polyimide synthesis
will reasonably be capable of determining the polymerization
degree (P,,) for polyamides and polyimides using gel perme-
ation chromatography.
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2. Viscosity

The polymeric solutions produced in accordance with the
present invention are characterized, in part, in terms of the
viscosity of the polymeric solutions. The polymeric solutions
produced in accordance with the present invention generally
may have a viscosity (measured at 25° C.) ranging from as
low as about five millipascal-seconds to as high as about forty
millipascal-seconds and in some embodiments may have a
viscosity (measured at 25° C.) ranging from as low as about
ten millipascal-seconds to as high as about thirty millipascal-
seconds.

The viscosities of polymeric solutions produced in accor-
dance with the present invention may be determined based
upon the following procedure that uses a Brookfield Model
DV-111 programmable rheometer equipped with an adaptor
for small samples. The Brookfield Model DV-111 rheometer
is available from Brookfield Engineering Laboratories, Inc.
of Stoughton, Mass. (USA).

The viscosity (the “Brookfield viscosity”) of a particular
sample of the polymeric solution is determined with the
sample at room temperature (about 25° C.). About 5 grams of
the polymeric solution being tested are placed in the small
sample adaptor which is positioned within the viscosity mea-
surement cell of the rheometer. An appropriate spindle, iden-
tified by a spindle number and selected so the measured
viscosity is within the range of the particular spindle, is posi-
tioned within the small sample adaptor within the measure-
ment cell. The Brookfield viscosity is measured while run-
ning the selected spindle at a revolution per minute (RPM)
rate selected based upon calibration studies conducted in
accordance with guidance available from Brookfield Engi-
neering Laboratories for the Brookfield Model DV-111 pro-
grammable rheometer.
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The invention claimed is:
1. An electrical component, the electrical component com-
prising:

a substrate; and

a polymeric layer in working relation with the substrate,
the polymeric layer comprising a low molecular mass
polyimide having the chemical structure of formula
XXII1, or an isomer thereof:

(XXIII)
0 0

N | NOO—RI—O ,

o o M

wherein M is an integer ranging from as low as about 10 to as
high as about 100 and:
R, is a carbonyl group; or
R, is an alkenyl group of formula C, H,,,_, and nofformula
C,H,,,_, is an integer ranging from as low as 2 to as high
as 12; or
R, is an alkenyl group of formula C, H,,,_, and nofformula
C,H,,,_, is an integer ranging from as low as 2 to as high
as 12; or
R, is an alkenyl group of formula C, H,,_, and nofformula
C,H,,_gis an integer ranging from as low as 3 to as high
as 12.



